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INTRODUCTION 

Orchard heating in the apple,-growing sections of t,he 
West has grown to large proportions during recent years, 
especially in the State of Washington, where the western 
apple production is centered. 

Interest in the protec.t,ion of orchards has led to an 
insistent demand for more accurate information on the 
subject of damaging t.emperati1re.s. Just how low the 
temperature may safely be allowed to go has an import,ant 
ec.onomic be,aring in orchard heating. Growers are not 
convinced that the scale of damaging temperatures now 
in use covers their needs satisfackorily. There are too 
many apparent esceptions to the general rules, and it, is 
now evident that the st.age. of development of the bloom 
is far more important than gene.rally has been realized. 
The growers ask, t.00, that a new scale of damaging tcm- 
perature.s be based, not upon laboratory esperiments, 
but upon results observed under field condit,ions. 

The primary st,ep in an invest,igation of bhis liind is t.o 
secure accurate records of orchard temperat,ures. The 
United States Weather Bureau, through its fruit-frost 
service, began to secure such records in the spring of 
1923. I n  the spring of 1924 and afterward the work was 
carried on through a cooperative agreement between the 
Weather Bureau, the State of Washington, and the 
county of Yakima. This ayticle summarims the results 
of t,he investigation up to and including the spring of 
1926. 

N A T U R E  O F  T H E  I N V E S T I G A T I O N  

All t,emperature records used in this paper were ob- 
tained with standard Weat.her Bureau equipment, con- 
sisting of horizont,al recording minimum thermomet,ers 
and special 29-hollr thermographs, although in a few 
instances 7-day thermographs were used. These instru- 
ments were esposed in “fruit-region ” shelters with t,he 
thermometers 4,G feet above the ground. I n  these 
respects the instruments a.nd esposuree were the same as 
those used by Young and Cate in similar work on pears 
in the Rogue River Valle;v, Oreg. (I). 

Shelters were placed in t,he orchard and estimates of 
damage were made from lahose fe,w t.rees immedia.t.ely 
surrounding the shelt,er. At, first no attempt was made 
to divide the t.ree into lipper wid 1owe.r portions for 
determining the damage separat,ely in eac.h portion, hat,  
later (1925) this was done. Aft’er cadi frost, a c.ount, of 
blossoms was made to determine the amount of danmge. 
In some cases a careful omhard examinat>ion was all that. 
was necessary to det.erniinr t’liat no damag? had been 
done, but in all c.ases where damage wtts discovered a 
count of blossoms was ma.de. 

From 100 to 400 blossonis were cut open and esamined 
at each count. A slightly discolored blossom was classed 
as uninjured if none of the seeds had been killed. The 
data in t.his article are based on a t,otal count of 44,596 
blossoms, not considering t,hose c.ount,ed in orchard 
examinat,ions, during the four years of the. work. 

Observations were made on several varieties of apples 
grown in Yakima Valley orchards, the Winesap, Jon- 
athan, Rome Beauty, Newtown, Delicious, Grimes 

-_____- 

1 Meteorologist Weather Bureau. 
1 District horticultural inspector, Yakirna and Kittitas Counties, Wash. 

Golden, and Stayman; principally, however, on the five 
leading commercial varieties, M7inesap, Jonathan, Rome 
BeRuty, Newtown, and DeIicious. 

STAGES O F  DEVELOPMENT 

In most researches on temperatures that cause injury 
to fruit only three stages of development have been 
recognized: 1,  Buds dosed but, showing c,olor; 2, buds in 
full bloom; and 3, buds where the pet’als have fallen. 
Praciical experiewe has shown, however, that this 
classificat,ion is not, detailed enough. Too great a range 
in development and too great a difference in critical 
temperatures exist bet,ween the t8hree st,ages. It becomes 
necessary, therefore, to develop a more detailed classi- 
fica tion. 

A new classification sc.aIe, based on careful esperi- 
merit,, has been devised. It not, only brings in the desired 
detail, but also provides that, in practically every instance 
a.11 the fruit buds on any apple t,ree, regardless of variety, 
a t  any given time fall autoniatically wit,hin not’ more than 
t>hree stages in the scale; that, is, the prevailing stage and 
the usual shading into immedintely adjacent stages. 

The new scale: 
DaScrip t ion 

Fruit buds dormant. 
Fruit buds breaking vpen and showing the green tips of 

emerging leaves. 
Individual hiids discernilde in cluster, but  tightly massed 

together. 
Individual buds widely separated in cluster, but  no color 

showing. 
Center bud showing color; other buds in the cluster break- 

Buds are still tightly closed. 

ing open. 
All fruit buds showing color. 
Center bud in full bloom; other buds about to open into 

full bloom. 
All buds in full bluoin. 
Petals have fallen. 
Sinal1 green fruits. 

RELATION OF BLOSSOM A N D  CLUSTER DAMAGE TO CROP 
DAMAGE 

Apple trees, like most deciduous fruit trees, produce 
a large amount of bloom that never matures, even under 
the most favorahle conditions. .4ssuming a moderata 
to  hPavy bloom, if 1 fruit hiid in 1 cluster in 4 be allowed 
to inature-the generally accepted rule for artificial 
thinning of qpples in such cases-a practical estimate 
may be reached as to the amount of overproduction of 
bloom. If each cluster contninc 5 buds, the usual 
nvrrage for most varieties, then if 1 bud in 20 1 )  1 allowed 
t o  reach maturity to produce a full crop, :he over- 
production of bloom is 95 per cent. In  this iiieoretical 
case it is obvious that, 75 per cent of the cl. , t e n  also 
are not allowed to produce mature fruit. 

Practically interpreted, this means that 95 per cent 
of all the individual fruit buds, which also includes 75 
per cent of the clusters, can be pinched off without 
reducing the find crop, provided, however, that the 
remaining fruit buds and clusters are properly spaced 
on the tree and that all buds produce mature fruit. 
hfoderate blossom damage can occur without serious 
reduction in the final crop, since in such cases usually 
onelorxmore%liveLbuds remain in each cluster, unless 
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Fig. 1.-The stage ai development and the t cmpr ra fu r~  of the ilm-point nrc inlportmt 
factors in determining critical temperaturrs The first frost occurred with an evening 
dew-mint of 34' and caused 1 pw rent dnniage IO \Vinc.shp in St we t;  he wcond frmt 
k e d  with an evening dew-point of 24' 2nd caused 96 per rent-damage to Winesap 
in Stage 8. N o k  that the duration of low temperatures with the second frost was 
much shorter than with the flrst, although c lose l~  the same minimum t.emperat.iires 
were reached. The t.hermogram in t.his figure are represent.ative also of the frosts OD 
similar dates in Tpst Plot No. 2, when rlarnivge was ruused to Rt.npman. Grimes i:olilen. 
and Delicious 

. 

second frost. Another point to be considered is that the Erst damaging frost usually 
Fils the weaker buds, leadug only huds whirl1 sometimes nre nhie to aithst:ml even 
more severe frost on a later dste 
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Fig. &--These two frosts were responsible for the 10s  of the crop from Test Plot No. 8 
Undoubtedly the second frost alone w011111 hnve caused almost total damage. Notr 
especially thd rapid rise in temperaturo after sunrise April 24. n hen hlossoins a w  
frozen, rapid thawing causes the cell wallsto rupture and the blossom loses its moisture 
through evaporation. Two days after this frost the dried-out hlossoms were dropping 
heavily from the trees. The  thermograms in this flgure am quite reprwntative of 
temperature conditions on similar dates in Test Plots Nos. 1 and 6 
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Fig. z.-These two frosts hoth occurred with low evening dew-point temperatures. 
The second frost was more damaeine than the Drst to Winesnn and Jonathan. chietlv 
for three reuons: ! 1 )  More adva<rd  stagesoi development: ~ ' B l o s s o ~  w e d n  eta& 
6 on April 15th, and in Stage 8 on .4pril21th. (2j Longer duration of low temperature 
and o lower minimum temperature. (3) More rapid rste of rise in  temperature in 
the morning 

Fig. 4.-These two frosts both occurred with low evening dcw-point temperatures. The 
fiist fiost pioduced 46 per cent damage to Winesap aud 56 ytsr rent damme to Jonathan 
in btngc 8 The second frost produced no further damacc ti) Winesap and 5 per cent 
odditiouul damage to Jonathan. In general the second fiost wa9 a8 severe 88 the flrst 
whm the durations of lorn temperature a d  considered. Apparently the flrst frost 
killed most cf the weaker buds, while the remaining buds were able' to endure the 
sliork of a frost, almost equally severe, on the following morning 

Fig. 6.-The variety is an important consideration when reckonin critical temperatures. 
The frost on April 15 caused over three times the amount of jamage to Delicious in 
Stage 6 than t o  Grimes Golden in the same stage. The frost on April 24 kded all 
remaining lire buds of hoth varieties in Stage 8. Note the rapid rise in temperature 
in the morning 
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Fig. 7. The moat striking example obtained during four years of damaging teiujiwiltul'r 
work is thefnct that severelyloa tempernturesmay he endured with little or no damape 
whed the tempersturespfthe dew point is high. Note the lag that occurred in the rote 
of rtse In temperature ~n the mornmg. The day. also, was cold. with orcasional snow 
squalls and rain. Compare the damage caused by the frost on .4pril 4. 1926. with the 
damage caused by the frost on .4pril15,19?4, in Test Plot.8 Nos. 3 to 9, when a less ser-ere 
frost. occurrmg with low dew-point temperature, caused greater damage t.o aliple. bloc- 
soms in the same stage of develo ment. The frost on April 22 rauwd sonie slight 
damage to Winesap and none to otEer varieties. The fact thnt an nhnornially heavy 
drop of Winesap occurred a few days later indicat.es t.hilt thr huds were prohnhly in a 
weakened state and easily damaged by fiost 
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Fig. 8. The only frost of which we have a record thnt produced damage in Stage 10. In 
the opinion of the investigators applas are most easily injured by frost in Stage 9-10. or 
just after the petals have fallen' and before the apples have attained any ronsider:ihle 
growth. Newtown apples were not mjured by this frost, chiefly because these fruits 
were of larger sire than the other varieties on the test plot 

previous frosts have produced heavy blossom damage. 
Small cluster damage, howe,ver, usually ineans crop 
damage to some extent, since almost invariably after 
damage frost-killed clusters predominate in certain 
portions of the tree, usually on the lower limbs or along 
certain sections of individual branches. A fruit cluster 
is damaged when all the buds t,hat comprise i t  have 
been killed, since, a t  most, each cluster is only allowed 
to produce one fruit. 

of damage previously done th::t the estent of crop injury 

consideration, as we are c.liie.fly concerned wit,h the 
critical temperatures of the blossoms themselves. 

considering blossom damage in connectmion 
and wibli due regard to the ainount 

may be correctly jud ed. For the purposes of this 
study the amount of damage is the important 

HOW FROSTS A R E  D E S C R I B E D  I N  T H I S  S T U D 1  

We give the date of occurrence, the niinimum temper- 
ature, the total length of tinie the temperature remained 
at and below 32.5' F. (denoted as hours of frost by the 
symbol H. F. in the tables), and the temperature of the 
dew point, O F., at 4:40 p. m. on the preceding day 
(denoted in the tables by D. P.). In  cases of unusud 
interest we present an enlarged thermograph trace to 
au ment the tabulated data. 

%emperatwe data listed in the tables do not fully 
describe the temperatures endured by the blossoms under 
observation. The hours of frost and the miniiriuni 
temperature can serve only as rough indexes in indicating 
the severity of frost. Fluctuations in temperatures 
and minor changes in the rate of fall after the freezing 
point has been reached may cause greater differences 

in the duration of temperature a t  temperature levels 
Lower than 32.5' than would be indicated by the actual 
duration a t  32.5'. See Figure 3 for an illustration of 
this condition. 

The most severe frost i t  is possible to conjecture is one 
where the duration at the minimum temperature is ex- 
actly the same a9 the duration at the freezing point. 
Such a condition never occurs in nature. The closer a 
given frost approaches this limiting condition, however, 
the more severe it must be regarded. Thermograms, 
therefore, are quite necessary to accurately describe frosts. 
L:ick of space unfortunately prevents the inclusion in 
this study of thermogpims for each frost listed in the 
tables. A few of the niore important cases have been 
selected for which theriiiograiiis are presented, in order 
that these frosts may be accurtitely described. 

DISCUSSION O F  PROBLEM 

Many factors bear on the amount of damage caused by 
frost and make the determination of critical temperatures* 
an exceedingly complex matter. These factors, enu- 
merated and briefly discussed, are: 

1. Sfafe o j  uwther preceding*frost.-Blossoms are tender 
appnreTitly, when the previous weather has been such as 
to c IL 11:: e rrip i cl :id 1- tin c eiiien t in bloom . 

3. T7ifct7ity.-Wealr hlossonis are injured more easily by 
frost than strong blossoms. 

3 .  T'nriefp.--Sonie \ itrieties of apples are more sus- 
ceptible to frost injury thnn others. 
4. Stnye qf derclopnzent of blossoms.-The more ad- 

vanced the stage of development the more susceptible 
are the blossoms to frost injury. See Figure 1. An ex- 
ception to this rule occurs in Stage 10, when the apples 
are beginning to take on size. The larger fruits are not 
a$ e d y  killed as the sinaller ones. 

5 .  Anzount o pyerr'ous -frost dnmage.-The first damag- 

leaves buds which are able to withstand even more severe 
frost on a later date. See Table 2, test plot No. 5, Wine- 
s:%~), April 24 and 2 5 ,  1924. 

6. Sewrity qf the  jrost.-Other conditions being the 
st-tine, the lower the niinimuni temperature and the longer 
the durntion at low temperatures the more damaging the 
frost iisuallp proves to be. 

7. Temperature ?f the dew point.-Other conditions be- 
ing the same, greater dnmagr almost iiivarjably occurs 
when the evening, dew-point temperature is low than 
when it  is high. hee Figures 1 and 7. 

8. Rate qf rise in t e m p e p . n t ~ i r e ~ ~ o o l l o ~ ~ i n g  the *frost.-When 
plant tissue is frozen, rapid thawing releases moisture 
faqter than i t  can he reabsorbed by the tissue. The plant 
cells are then ruptured and killed. When the thawing is 
gradual the plant tissue may be able to take up the 
moisture us  fast as i t  ii; released. The plant cells then 
remain intact and alive. When blossonis are frozen the 
damage may be great or small, depending on the rate at 
which thawing is accomplished. See Figures 5, 6, and 7. 

See Figure 7. 

See Figure 6. 

See Figure 8. 

ing Erost usua i 1 ~ 7  kills the weaker buds, and sometimes 

See also Figures 3 and 4. 

See Figures 1, 3, and 3. 

?\TOTES O N  T H E  S E R I E S  OF OBSERVATIONS 

Spring qf 1.9RS.-Apples bloomed from two to three 
weeks later than usual, owing to cold and unfavorable 
growing weather. Due to the lateness of the season 
frost did little damage in the Yakima Valley apple 
orchtirds as a whole, and good crops were harvested 
quite generally. 

Observations were made on two test plots, both located 
in the same orchard in about the coldest part of the large 
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u ii 
5 

.s d 
z ! i  - 
a F. 
24.6 
27.0 
32.0 
32.1 
32.2 
29.8 
27.0 
30.2 
29.0 
28.0 
28.5 
32.0 
24.9 
26.5 
27.2 
28.5 
29.5 
29.0 
27.5 

Wide Hollow draw. This orchard had never proved 
profitable, and consequently was being given only nominal 
attention. Care was taken, however, to select for our 
work only trees that seemed healthy and vigorous. Dur- 
ing the summer and fall of 1923 the orchard was cut dow-n 
by the owner as a climax to his unprofitable venture, 
thus making a final check on the crop difficult to obtain. 

Of the seven varieties of apples under observation, all 
the trees except the Delicious were about 11 years old 
and bore a light to moderate amount of bloom. The 
Delicious tree was about 7 years old. 

Damaging temperature data secured during this 
season are presented in Table 1.. 
TABLE 1.-Damaging ternperat lire da ta  secured during ihe spriug of 

199s 
T E S T  PLOT NO. 1 

a i  

~- 
H. m. 
4 55 
5 20 
0 30 
0 45 
0 30 
0 50 
3 55 
2 50 
2 45 
5 30 
3 50 
1 45 
7 58 
8 00 
6 11 
5 55 
4 00 
4 05 
4 20 

During this season extensive observations were made 
on seven test plots, all located in the Congdon orchards 
in the Wide Hollow draw. 

Damaging temperature data secured during this season 
are presented in Table 2. 

TABLE 2.-Damaging temperature data secured during the spring of 
1924 

TEST P L O T  NO. 3 

; o  

$ 8  
in 

40 

- 

d 
d 
- 

' F  
25 
24 
38 
33 
37 
23 
23 
23 
26 
26 
27 
29 
10 
12 
17 
13 
23 
22 
32 
- 

__ 
> m r ,  

g$ 
El2 

zz 

% %  

_ _  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

11 
__ 

Winesap 

25 

33 
23 

26 

10 
12 
17 
13 

a7 

33 

Jonathan 

_ _  
5 

2 4 5  
3 8 5  

5 
6 

2 3 6  
2 3 6  
2 6 6  

7 

2 9 7  
8 
8 
8 
8 

2 3 9  
2 2 9  

7 

9 
- 

0 
0 
0 
0 
0 
0 
0 
0 

- 

3 
$; 
3: := - 
% 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

73 
0 
0 
0 
0 
0 
0 
- 

SwFigum5. 

- 

8 
gbp 
ij{ 
9 

% 

- 

0 
0 
0 
0 
0 
0 
7 
0 
0 
0 
0 
0 

61 
0 
0 
0 
0 
0 
0 
- 

9 _ _ _ _ _ _ _ _ _ _ _ _  
10 _ _ _ _ _ _ _ _ _ _ _  
1s _ _ _ _ - _ _ - - - _  
11 _ _ _ _ _ _ _ _ _ _ _  
I8 _ _ _ _ _ _ _ _ _ _ _  
19 _ _ _ _ _ _ _ _ _ _ _  
2L _ _ _ _ _ _ _ _ _ _ _  
25 _ _ _ _ _ _ _ _ _ _ _  
26 _ _ _ _ _ _ _ _ _ - _  
28 _ _ _ _ _ _ _ _ _ _ _  
3 0 8  _ _ _ _ _ _ _ _ _ _  

- 

m 
bo 
d 
- 

5 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
8 
8 
8 
8 
9 
9 
9 
- 

25.1 
27.9 
30.4 
30.4 
29.1 
31.3 
25.5 
31.0 
32.0 
28.2 
26.1 

- 
Y 2 

u g  

:= $3 
- 

% 
0 
0 
0 
0 
0 
0 
8 
0 
0 
0 
0 
0 
80 
0 
0 
0 
0 
0 
0 
- 

0 0  
0 0  
0 0  
0 0  

4 0 1  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

- 

3 
FJ 
- 

6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 

-. 

3 45 
4 56 
0 10 
0 4 0 2 3  
3 5 0 2 3  
2 0 0 2 3  
2 2 5 2 8  
5 15 
3 5 0 2 7  
3 2 5 2 9  
5 4 0 1 0  
6 0 0 1 2  
6 5 0 1 7  
6 15 
3 0 0 2 3  
3 5 5 2 2  
3 30 

- 

3 

3 t  
$i 

% 
11 
0 
0 
0 
0 
0 

13 
0 
0 
0 
0 
0 

62 
0 
0 
0 
0 
0 
0 

- 

._ 

25 5 
24 5 
37 6 

6 
6 
6 
6 

26 7 
7 
7 
8 
8 
8 

13 8 
9 
9 

32 L) 

2 5 5 0 0 6  
2 4 5 0 0 6  
2 3 6 0 0 6  
23 6 3 0  
2 3 6 0 0 7  
2 6 6 0 0 7  
2 6 7 0 0 7  
2 7 7 0 0 7  
2 9 7 0 0 8  
10 8 67 
la 8 (1) 
17 8 (1) 
1 3 8 0 0 8  

2 3 9 0 0 9  
2 2 9 0 0 9  
3 2 9 0 0 9  

9 6 

85 8 
(1 8 
(11 8 

Date Remarks 

1924 
Apr. 4 

5 
6 
8 

11 
14 
15 
16 
17 
19 
20 
21 
24 
25 
26 
27 

May 1 
4 
5 

Protected with 96 oil-ahavlng 
heaters per acre. 

- 
L 

8 
53 
.: 

8 ,  

2 
- 
O F  

27.5 
25.0 
24.8 

29.9 
28. H 
29.1 
31.2 
25.0 
30.2 
31.0 
28.2 
25.8 

2a  0 

- 

- 

d 
d - 

O E  

37 
32 
30 

22 
41 
35 
34 
29 
33 
33 
24 

.-- 

25 

- 

Winesap I Jonathan 
I 

Rome 
Beauty Newtown 

- 

8 
z 
._ 

3 
4 
4 
4 
5 
5 
5 
6 
6 s 
7 
8 
- 

- 

z - 
4 
4 
4 
4 
5 
5 
5 
6 
6 
6 
7 
7 
8 

- 
3 
% E  
:? 
F 
- 

% 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

59 

- 
? "  
6; 
e "  1.' - 
% 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. Date See Figure a. 
d 
ti 

-1-1-1- 

H m  
5 55 
6 50 
6 3 0  
5 20 
1 15 
6 25 
5 05 
0 3 0  
6 50 
4 45 
2 15 
1 45 
2 45 

Do. % %  
4 0 0 4  
4 0 0 4  
4 0 0 5  
5 0 0 5  
5 0 0 5  
5 0 0 5  
5 0 0 6  
6 0 0 6  
6 1 06-7 
7 0 0 7  
7 0 0 7  
8 0 0 8  
8 96 92 8 

About 4 loose bores of apples 
per tree were harvested. 

TEST PLOT NO. 4 ___ 
Apr. 4 

5 
6 
8 

14 
15 
16 
17 
10 

21 
24 
26 
26 n 

May 1 
4 
5 

m 

-~ 

4 15 
5 05 
1 15 
0 25 
1 30 
3 45 
2 05 
2 25 
5 2 0  
3 5 5  
3 4 0  
8 10 
8 25 
6 48 
6 15 
2 55 
4 15 
4 25 
- 

- 
24.6 
27.0 
31.8 
32.2 
29.5 
26.0 
31.3 
28.9 
27. 6 
28.0 
31.0 
21.3 
23.3 
25.0 
28.5 
29.5 
28.8 
27.5 
- 
- 

25. 4 
27.9 
32.3 
30.5 
25.5 
31.3 
29.0 
28.0 
28.5 
31.0 
27.0 
28.0 
27.1 
28.5 
29.9 
29.3 
28.0 
- 

- 

0 
0 
0 
0 
0 

30 
0 
0 
0 
0 
0 

09 
0 
0 
0 
0 
0 
0 
- 

- 

0 
0 
0 
0 
0 
5 
0 
0 
0 
0 
0 

93 
0 
0 
0 
0 
0 
0 
- 

- 

6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
- 

- 

0 
0 
0 
0 
0 

18 
0 
0 
0 
0 
0 

81 
0 
0 
0 
0 
0 
0 
- 

T E S T  PLOT NO. 2 

I 1 Stayman I Grimes Golden 1 Delicious 

93 i i  Do. 

0 

0 

0 

About U loose box of apples I per tiee was harvestad. 
- -- 
% %  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
58 56 

I 1  IJ 
0 0  
0 0  
12 44 

%O 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

OF. 
Apr. 4.!? _ _ _ _ _ _ _  I 27.9 

8 _ _ _ _ _ _ _ _ _ _ _ _  26.0 

H m OF 
5 30 _ _ _ _  
6 30 37 
6 30 32 
4 20 30 
1 15 25 
6 00 22 
4 45 41 
0 15 35 
7 0 0  34 
0 5 0  29 
0 10 33 
1 40 33 
2 40 24 

TEST PLOT NO. 5 

Apr. 4 
5 

11 
14 
15 
16 
17 
19 

21 
2.4 
25 
26 
27 

May 1 
4 
5 

m 

I /  

3 
0 
0 
0 

26 
0 

Protected with eighty 10- 
quart lard-pail oil heaters 
per m e .  

See Figure 3. 

5 !  0 

71 10 

8 '  0 
81 7 

;! : 
6 0 0  
8 0 0  
7 22 
7 0 
8 0 0  
8 

; 
8 
8 

8-5 

0 
n 

0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 

0 
0 

19 
0 
0 
0 
0 
0 
0 

I t  1 1 . 1  I I I 
Do. 

1 Winmap.-Individual blossoms in Stage i were damaged. See Figure 1 
1 Slight. 

8ee Figure 1. 

Spring of 192!/,.--Blossoming took place at  about the 
usual time. There was, however, an unusual number 
of frosty days from the start of the se.ason until early in 
May. Several severe frosts occurred during one period 
of cold weather which began about iMarch 26 and con- 
tinued until April 2, causing extensive damage to 
cherries, apricots, and peaches; less damage to pears, 
and none to apples. 

Then followed a period of good growing weather with 
only a few moderate frosts, until on April 24 an unusually 
severe radiational freeze began, which continued for two 
nights in the orchard districts generally and for five 
nights in the colder orchards. Apples and pears were 
seriously injured. This damage, when coupled with 
that caused by the earlier frosts, caused a marked short- 
age in the 1924 crop of these fruits in the Yakima Valley. 

14 l o w  boxes of apples per 
tree were harvestad. 

I I I I I  

TEST PLOT NO. 6 - 
.hpr. 4 

5 
14 
15 
16 
17 
19 
20 
21 
24 
25 
26 
27 

May 1 
4 
5 

- 
25. 5 
27.9 
31. 3 
26.0 
32.0 
29.2 
28. 1 
2s. 4 
31.6 
23.3 
22.0 
24.9 
29. 0 

- 
3 0 0  
4 50 
0 45 
3 0 0  
0 20 
2 20 
4 4 0  
4 0 0  
2 0 0  
5 45 
8 40 
6 15 
5 0 0  

- 
0 
0 
0 

38 
0 
0 
0 
0 
0 

59 
(9 '8 
0 
0 
0 
- 

- 

0 
0 
0 
6 
0 
0 
0 
0 
0 

83 
(1) '2 
0 
0 
0 
- 

See Figure 6. 

Do. 

About % looaebox dappleaper 
tree wan harvested. 

30. 0 
28.0 
28.5 

3 0 0  
3 0 0  
4 45 

1 Slight. 
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Date 

_ _ ~  

Apr. 3 

4 
5 
6 
8 

11 
14 
15 
16 
17 
19 
20 
21 
24 
25 
26 
27 

May 1 

varieties of apples and two varieties of pears were grown 
within its small area. An attempt was made to deter- 
mine separately the damage in the upper and lower 
branches. 

Damaging temperature data secured during this season 
are presented in Table 3. 

ii 
3 

23 
s 

A &  
1 
O F. 
31.9 

25.6 
27.4 
32.0 
31.9 
32.0 
30.2 
26.8 
31.0 
29.4 
28.2 
28.0 
30.9 
24.8 
26.0 
27.0 
28.8 
29.6 

TABLE 2.-Damaging temperature data secured diiring the spring of 
1984-Con tin ued 
TEBT PLOT NO. 7 

Date 

- 

d 
d - 
'F 
27 

25 
24 
38 
33 
37 
23 
23 
23 
26 
26 
27 
29 
IO 
12 
17 
13 
23 

22 
32 

Mini 
mum 
tem- 
pera- 
ture 

Winesap 

0 
11 

0 

56 
5 

Jonathan I 

0 '  
0 

0 0  
' 0  

0 0  
0 0  
0 0  

33 
10 

0 0  
0 0  
0 0  

0 0  
0 0  

_- 
% 

6 0  
6 0  
6 0  
7 0  
7 0  
7 0  
7 0  
8 0  
8 0  
8 0  
9 0  
9 0  
- 

- 

s 
82 I 

gj 
3 

% 
0 

0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 

39 
0 

15 
0 
0 

0 
0 

- 

%o % 
0 

0 0  
0 0  
0 0  
0 0  o n  
0 0  
0 0  
0 1  
0 0  
0 0  
0 0  

33 
37 
23 
23 
23 
26 
26 
27 
29 
10 
12 
17 
13 

5 
5 
6 
6 
6 
6 
7 
7 
7 
8 
8 
8 
8 

Apr. 8 
11 
14 
15 
16 
17 
19 
20 
21 
24 
25 
26 
27 

32.0 
32.3 
30.9 
25.6 
31.8 
29.9 
28.5 
28.6 
32.0 
21.3 
23.0 
24.8 
28.5 

0 
0 
0 
0 
0 

90 
6 

Do. 

~~~ 

9 30 

: I :  

b0000 
7 0 0 0 0  
7 0 0 0 0  
7 0 0 0 0  
8 0 0 0 0  
8 0 0 0 0  
8 0 0 0 0  
8 0 0 0 0  

4 43 3 
9 0 0 0 0  

0 0 0  
0 0 0 

~ 

7 0  
7 0  
7 0  
8 0  
8 0  
8 0  
8 0  
8 0  
9 1  
9 0  
9 0  
9 0  
__ 

0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 8  
0 0  
0 0  
0 0  

1 
0 

0 
0 
0 

About % loose box of apples 
per tree was harvested. 

, - - - - - - - 

0 45 
3 30 
2 00 
1 45 
5 15 
4 15 
1 45 
4 00 

- - - . 

23 
23 
23 
26 
26 
27 
29 
IO 

Apr. 7 

14 
15 
16 
17 
19 
20 
21 
24 

_ _ _ _ _  

30.9 
24.3 
31.2 
30.0 
28.2 
28.2 
29.Q 
22.7 

- 

gb 
Y m - 
5 

5 
5 
5 
5 
6 
6 
6 
6 
6 
7 
7 
7 
8 
8 
8 
8 
9 

9 
9 

- 

9 ,  
55 
!1 
Y - 
% 
0 

3 
0 
0 
0 
0 
0 

15 
0 
0 
0 
0 
0 

48 
0 

18 
0 
0 

0 
0 

- 

2 
t - 

6 

6 
6 
6 
6 
6 
6 
6 z + 
7 
8 
8 
8 
8 
8 
9 

9 
9 

TABLE 3.-Damaging temperature data secured during the spring oj  
1926, from test plot N o .  10 

E. m. 
1 40 

4 55 
5 15 
O M )  
0 15 
0 10 
0 4s 
3 35 
1 40 
2 25 
5 30 
3 55 
3 25 
4 M )  
8 2 0  
6 45 
6 30 
4 10 

4 0 0  
4 10 

~ 

H. F. 

-. 

).P 

- 
DF. 
52 
41 
3s 
36 
28 
31 
32 
33 
25 
31 
36 
20 

52 
41 
35 
30 
28 
31 
32 
33 
25 
31 
36 
26 
- 

Winesap 

Upper Lower 
branches branche: 

Rome Beauty 

1 Upper 1 Lower 
branchas branches 

Protected with 65 coal briquet 
heaters per acre. - 

W M 

;; 
- 

7 
7 
7 
8 
8 
8 
8 
8 
9 
9 
9 
9 
- 

- 1-1- 
1925 1 O F .  

Apr. 17 ....-.. 29.9 
19 ...___. 1 2 . 4  
20 ..._._ ~ 28.3 
22 ._...__ 29.5 
23 _.._.__ 31.0 
24 .___.._ 31.9 
26 _._._._ 25.0 
27 ......- 311.2 
26;..~ .... 27.1 
29 .-.-... 32.0 

May 3 ____.___ 1 30.0 
4 _.__._ _ _ !  32.0 

1 

T. in .  
3 30 
7 2s 
5 4 0  
3 25 
1 15 
0 15 
2 4 0  
1 so 
6 40 
0 IO 
1 os 
1 25 

3 30 
7 25 
5 40 
3 25 
1 15 
0 15 
2 40 
1 5 0  
6 4 0  
0 10 
1 05 
1 25 

% O  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

See Figure 4 
Do. 

-4bout 11 loose boxes of apples 
per tree were harvestrd. 

4 m 7  
5 I28:a 

TEST PLOT N O .  8 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 

93 
0 
0 
0 

0 
0 
0 
- 

- 

6 
6 
6 
0 
7 
7 
7 
7 
8 
8 
8 
8 
8 

9 
9 
9 
- 

- 

0 
0 
0 
li 
0 
0 
0 
0 
0 

80 
1 
1 
0 

0 
0 
0 
- 

0 4 0  
1 3 0  
1 15 
4 10 
1 3 0  
2 0 0  
5 4 0  
4 0 0  
1 10 
5 30 
8 10 
6 55 
6 15 

0 
0 
0 

25 
0 
0 
0 
0 

74 0 

0 

Delicious Newtown 
- 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Apr. 17 __.___. 29.9 
19 _____.. 29.4 
20 ._.____ 23.3 
22 _..____ 29 5 
2.3 _._____ 1 31:O w ____._. 81.9 
26 ._...._ 1 29.0 
27 ..___.. , 30.2 
2s . _ _ _ _ _ _ I  ?7.1 
29 ._____. 32.0 

May3 ........ 80.0 
4 ..______ 32.0 

0 
0 

May 1 30.0 4 00 
4 1 m . 0 (  5 28.7 2 4 00 00 

0 
0 
0 

Rsaf~Rss.- .4 Bartlett pear tree in the test  plot endured all frosts without damage. 
Blossom in full bloom on Apr. 14; petals falling on Apr. 23: small green pears one- 
eighth to three-eighths inches in diameter were set on Apr. 27. Full crops were harvested 
from all trees. 

TEST PLOT N O .  9 
I 

Spring of 192G.-The season was about two weeks 
earlier than usual in the Takinia Valley. 9 number of 
moderate frosts during the latter part of March caused 
only noniinal damage to the valley fruit crop as a whole. 
On April 4,  1926, a severe radiational frost heavily 
damaged cherries, prunes, and apricots, but, strangely 
enough, did very little damage t'o apples and pears. 
Later in the season there was a heavy natural drop of 
Winesap, especially sei-ere in the upper valley, probably 
due to the number of cold days during the blossoming 
period for Winesap in the upper valley, which might have 
prevented pollination. -4 number of frosty mornings 
early in May caused some damage to practically all 
varieties of apples, mostly by frost-marking the skin. 
There was very little rain during the entire spring 
season. 

Observations were taken on the same test plot used in 
the spring of 1925. Damaging temperatmure data secured 
in 1928 are listed in Table 4.  

Damage probably occurred on 
April 4, under conditions 
similar to those on test plot 
No. 6. 

See Figure 6.  
0 

83 
0 
0 
0 
0 
0 

11 

0 
73 
0 
0 
0 
0 
0 

27 

0 
z ' i  
0 
0 
0 
0 
IJ 

1;: i 

0 
29 
0 
0 
0 
0 
0 

71 See Figure 6. No apples were 
harvested. 

Spring of 1926.-The season was about two weeks 
earlier than usual in the Yakirna Valley. Nevertheless, 
very little frost occurred and no low minimuin tem- 
peratures. In all parts of the valley frost damage was 
at  a minimum, artificial thinning of all fruits escept 
Bartlett pears was necessary, and full crops were pro- 
duced. 

Observations were taken on one test plot in the Wide 
Hollow section. This plot was selected because five 



16 

' F. 
19 
25 
31 

28 
a i  
32 
39 
30 

39 
30 
34 
31 
38 
28 
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TABLE 4.-Damaging temperature data secured during the spring of 1926 from test plot No. 11 

- 

6 :  
n z  _- 

4 
Q 
4 

2 8 5  
5 
6 
8 
9 
9 

2 8 9  
10 
I0  
10 
10 
10 
10 

JANUARY, 1927 

8, a a  mMs: 

- 

- 

d 
m 

0 

2: 2: 
_. 

% %  
0 0  
0 0  
0 0  
0 0  
0 0  
1 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

- _. 

A %  
0 0  
0 0  
0 0  
0 0  
0 0  
3 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  
0 0  

Rome Beauty Newtown Delicious Winesap 

Upper Lower 
branches hranches I 

Jonathan 
____- 1 kUpper I Lower 

,ranches hranrhes I 

- 

+a 0 
rr) 

4 
4 
4 
5 
5 

5-6 
8 
8 
9 

'9 
10 
10 
10 
10 
10 
10 
- 

- 

m 
M 

;; 
- 

4 
4 
4 
5 
5 
6 
8 
9 
9 
9 
IO 
10 
10 
10 
10 
10 
- 

Upper 
brmrhcs 

Upper 
brsncher 

Lower 
branrhe5 

Lower 
branches 
- 
8, $1 
22 - 
% 
16 
0 
0 
0 
0 

56 
0 
0 
0 
0 
0 

H 

0 
0 

$1 
- 

H. m. 
7 20 
2 5 0  
3 10 
1 15 
3 45 
9 5 0  
0 15 
2 a o  
3 0 0  
4 40 
3 35 
6 30 
3 50 
7 30 
1 0 0  
2 0 0  

sb 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

A 
(3) 

0 

i 3& 

c- io 
14 
0 
0 
0 
0 

12 
0 
19 
0 
0 
0 

B 
( 8 )  
(9 

0 
0 

1 &a Figure 7. 
6ee Figure 8. 

I Further frost-marking .odnced. but extent of damage im1,ossible to determine. 

Reference NF$Er 
examined letter 

-__ 
A 44 
B 61 c 101 
D 69 
E 83 
F 77 

_- 

I I I I I I 

Stage 1 (dormant stage).-Observational data lacking. 
Frost damage occurs when minimum temperatures con- 
siderably below 0' are experienced. Such damage is 
spoken of as ''winter killing." 

Stage 2.-Observational data lacking. Damage to 
fruit buds rarely occurs, for there is small probability of 
the damaging temperature being reached after the season 
has advanced far enough to induce growth in dormant 
buds. Minimuin temperatures that would cause damage 
in stage 3 probably range from 0" to lo', depending on 
the advsncement within the stage itself. 

Stacje 3.-Direct observational data lacking. Damage 
in stage 3 is rare. It is caused by minimum tempera- 
tures that range as low as or lower than 20'. The proba- 
ble range of damaging temperature for buds in stage 3 is 
from 10" to 30°, depending on the advancement within 
the stage itself. 

Stage 4.-We have no great quantity of data on damage 
in this stage. A rnini~nuni temperature of 28' with 
long duration is safe for all varieties of appleq, regardless 
of the dew point. When the dew point is 32" or higher, 
R mininiuin temperature as low as 24.8' with a duration 
at  and below 32' of 6h 30" and at  35' of 2h lorn is safely 
endured by all varieties. When the dew point is 1 9 O ,  
a inininiuiii temperature of 26.9' with a duration a t  and 
below 32' of T h  3Om and at  27' of O h  25" produces limited 
clamage; that is, no commercial danisge, to all varieties 
except Newtown, which will show no damage. The 
relative susceptibility of the varieties in terms of the 
amount of blossom damage in this latter case is: 
Delicious, 16%; Winesap, 13%; Jonathan, 1%; Rome 
Beauty, 1%; and Newtown, 0%. 

CRITICAL T E M P E R A T V R E S  

Consideration of the inass of data on damaging tem- 
peratures set forth in this paper brings out four important 

1. It is not possible to name B definite niiuirnum tem- 
perature or any specific duration at  any given tempera- 
ture that will produce corresponding amounts of damage 
to all varieties of apples under all conditions within the 
range of temperatures that cause damage. 

2. The amount of damage caused by any given tem- 
perature depends on the amount of water vapor in the 
air a t  the time of the frost. There apparently is a corre- 
lation between the temperature of the dew point at 4:40 
p. m. on the afternoon preceding the frost and the 
amount of damage caused by the frost. 

3. Greater damage will be caused by a giveii tempem- 
ture when the evening dew point is lower than 32' than 
when it is higher. The lower the dew point the greater 
is the amount of damage. 

4. Different varieties of apples in the same stage of 
development are affected to differing degrees by the 
same frost. 

It should be borne in mind, however, that these con- 
clusions, based on a study of records obtained over R 
period of but 4 years, are tentative only. In  the opinion 
of the writers a t  least 10 years' observations wiII be neces- 
sary fully to test them. Enough evidence seems to be 
a t  hand, however, for formulating a t  least a roughly 
approximate scaIe of damaging temperatures for the dif- 
ferent vcbrieties of apples. This evidence will now be 
summarized. 

points : 
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Stage 6.-A minimum temperature of 28' for long 

duration is safe for all varieties, regardless of the dew 
point. When the dew point is 32' or higher, a minimum 
temperature of 25.1' with a duration below 32' of 6" 
30" and at 25' of O h  15" is safe for all varieties. With 
the same dew point, a minimum temperature of 22.9' 
with duration below 32' of gh 50" and at  23' for 1" 10" 
produces 1% blossom damage to Newtown, and presum- 
ably slightly greater damage to other variet,ies. This 
latter condition probably marks the point where damage 
begins with all varieties. 

When the dew point is 25', a minimum temperature 
of 25.4' with a durat,ion below 32' of 3h 45" and a t  25' 
of Oh 10" probably marks the point where damage begins 
for all varieties. 

Stage 6.-A minimum temperature of 29' for long 
duration is safe for all varieties, regardless of the dew 
point. A minimum temperature of 25' for two or 
three hours is probably saYe for all varieties, regardless 
of the dew point. 

When the dew point is 32' or higher, a minimum 
temperature of 25.0' with a duration below 32' of 6" 50" 
and a t  25' for O h  30" produces slight damage to Winesap, 
Jonathan, and presumably to Delicious, Stayman, and 
Grimes Golden as well, but is safe for Rome Beauty and 
Newtown. A minimum temperature of 22.9' with a 
duration below 32' of 9" 50" and at  23' for 1" 10" 
produces damage to all varieties. The relative suscepti- 
bility in this latter case expressed in terms of blossom 
damage is: Delicious, 56y0; Jonathan, 22%; Winesap, 
13%; Rome Beauty, 1%; and Newtown, 1%. 

When the dew point is 23') a minimum temperature 
of 27.0' with duration below 32' of 3" 55" and at  27' 
for Oh 10" produces limited damage to all varieties. 
As the temperature falls damage increases, until with 
a minimum temperature of 24.3O with a duration below 
32' of 3h 30" and a t  24' of Oh 15" the blossom damage 
to Delicious is 83y0 and to Grimes Golden 27%. 

When the dew point is 25') a minimum temperature 
of 24.6' with a durat,ion below 32' of 4h 55" and at  2 5 O  
of O h  15" produces 11% blossom damage to Jonathan. 
This probably marks a condition where damage begins 
with all varieties of apples. With the same dew point, a 
minimum temperature of 25.6' with a duration below 
32' of 4" 55" and a t  26' of O h  20" produces 4% blossom 
damage to Jonathan. 

Stage 7.-A minimum temperature of 28' with a 
duration of one hour is safe for all varieties of apples, 
regardless of the dew point. The safe duration at  28' 
is probably longer than one hour, but direct evidence is 
lacking on this point. 

When the dew point is 32' or higher, a minimum 
temperature of 25.0' with a duration below 32' of about 
7b 00" and a t  25' of about O h  30" produces limited dam- 
age to some varieties and somewhat extensive damage to 
others. The relative resistance of the different varieties 
at these tem eratures as expressed in the terms of the 

Stayman, and presumably its near relative, Winesap, 
32%; Grimes Golden, 10%; and Jonathan, about 2%. 
Rome Beauty and Newtown are presumably not injured 
to an extent greater than Jonathan, but direct evidence is 
lacking on this point. 

When the dew point is 10') a minimum heniperature 
of 23.0' with a duration below 32' of 4" @Om and a t  23' 
of Oh 30" produces 1 0 0 ~ o  damage to Delicious and 
Grimes Golden, and probably serious damage to other 
varieties. 

amount of b P ossom damage caused is: Delicious, 88%; 

36364-27-2 

Stage 8.-A minimum temperature of 29' with a durs- 
tion of over five hours is safe for all varieties, regarchim 
of the dew point. When the dew point is 32' or higher, 
a minimum temperature of 28' with a duretion of twb.or 
three hours is probably safe for all varieties. Limited 
damage would probably be caused by a minimum tetn- 
perature of 27' enduring for one hour, although direot 
evidence is lacking on this point. 

When the dew point is very low, ranging from loo fio 
13') a minimum temperature of 27.0' with a duration 
below 32' of G" 00" and at 27' of only O h  0 P  causes about 
58% blossom damage to Winesap, and probably heavy 
damage to other variet,ies. Within the same range of 
dew point, a minimum temperature of 24.9' with a 
duration below 32' of 5" OOm and at  25' for 1" OOm 
causes 80% damage to Winesap and Jonathan, while 
wit>h a shorter duration at  25' (Oh 05m) slightly €em dam- 
age is produced. Within the same range of dew point, 
a minimum temperature of 23.3' with a duration below 
32' of 5" 00" and at  23' for O b  05" produces 100% 
damage to Winesap and Jonathan, and probably to 
Stayman, Grimes Golden, and Delicious as well, and 
serious if not total damage to Rome Beauty and Newtown 

When the dew point is 17') a minimum temperature of 
27.0' with a duration below 32' of 6" 45" and at 27' of 
Oh 20" produces about 33% damage to Winesap and 
limited damage to Jonathan. This condition is probabl 
very near the point at  which damage begins with a 
varieties. 

When the dew point is 24') a minimum temperature 
of 25.8' with a duration below 32' of 3" OOm and a t  26' 
for lh  00" produces 1 0 0 ~ o  damage to Winesap, probably 
also to Delicious and Stayman; serious, but not total 
damage to Jonathan; 40Yo damage to Newtown; and 
19% damage to Rome Beauty, and probably also to 
Grimes Golden. 

Stage 9.-A mininium temperature of 29' with a dura- 
tion of over l hour is safe for all varieties, regardless of the 
dew point. When the dew point is 32' or higher, a mini- 
mum temperature of 28' with a duration of 30 minutes 
is safe for all varieties. A minimum temperature of 27' 
with a duration of 30 minutes and with a dew point of 32' 
or higher is probably the point a t  which damage begins 
with all varieties. 

When the dew point is 24') a minimum temperature of 
26.1' with a duration below 32' of 2" 40" and at  26' of 
Oh 10" produces nearly 1 0 0 ~ o  damage to Delicious, 
probably also to Winesap and Stayman; and presum- 
ably serious, if not total, damage to all other varieties. 

When the dew point is 25') a minimum temperature of 
27.1' with a duration below 32' of 6" 40" and a t  27' of 
Oh 25" produces 43% damage to Newtown; 10% damage 
to Winesap; and 8% damage to Delicious. This prob- 
ably marks the point where damage begins with all 
varieties. 

Stage 10.-We have no great amount of information 
on damage in stage 10. A minimum temperature of 30' 
with a duration of 30 minutes appears to be safe for all 
varieties, regardless of the dew point. With the dew 
point ranging from 30' upward, a minimum tem erature 

condition under which damage begins with most varieties 
of apples in stage 10. 

When the dew point is 32' or higher, a minimum tem- 
perature of 29.2' with a duration below 32' of 3h 50" and 
a t  29' for 1 " 10" caused some frostmarking to all varieties 
except Newtown. The relative susceptibility to dam e 
of the different varieties under this condition c a n y e  

il 

of 29' with a duration of 30 minutes probably B efines a 



18 MONTHLY WEATHER REVIEW JANUARY, 1927 

expressed in this order: 1, Delicious; 2, Rome Beauty; 3 
Jonathan; 4, Winesap; 5, Newtown. 

When the dew point ranges between 30' and 31') a 
minimum temperature of 27.8' with a duration below 
32' of 5h 30" and at 28' of 1" 10" produces damage to 
all varieties except Newtown. This damage is of two 
kinds-(1) where the seeds are killed, and (3) where the 
skin is frostmarked but the seeds are not killed. Either 

e of damage, however, is commercial damage. The 
re tive susceptibility to damage of the different varieties 
under this condition as ex ressed on a scale of the num- 

85%; Winesap, 7 0 h ;  Jonathan, 50%; and Newtown, 0%. 
b r  of fruits dama ed is: 5 elicious, 89%; Rome Beauty, 

CONCLUSIONS 

While the observations on which this study is based 
cover a period of four spring seasons only, the mass of 
evidence ia sufiiciently great to enable these generaliza- 
tione to be made: 

1. The temperature of the dew point a t  the time of the 
frost, which can be correlated with the temperature of 
the dew point a t  4.40 p. m. on the afternoon preceding 
the frost, IS too important a factor to be neglected; any 
accurate scale of critical temperatures for apples must 
take it into consideration. The data are mere chaos if 
the dew-point factor be neglected; when it is considered, 
the evidence fits nicely into an ordered system. Herein, 
we believe, lies the reason for the dissatisfaction of the 
growers with the old scales of critical temperatures, for 
these scales took no account of the amount of water vapor 
in the air. 

Evidence in thS  paper shows unmistakably that the 
dew point a t  the time of the frost has a very important 
bearing on the amount of damage that will be caused 
by low temperature. When the dew point is 32' when the 
air temperature reaches 32') and the dew point falls as the 
temperature falls, severely low minimum temperatures can 
be endured with but slight damage, whereas the same tem- 
perature conditions with a low dew point will cause very 
severe damage. Comparison of the frost on April 4,1926, 
in test plot No. 11 with the frost on April 15, 1924, in 
test plot No. 7, brings out this point in a forceful manner. 
On April 4, 1926, occurred a minimum temperature of 
22.9'. The temperature remained 9" 50" below 32' 
With 8 duration of 1" lorn a t  23' with an evening dew 
point of 37'. On April 15, 1924, occurred a minimum 
temperature of 26.8'. The tem erature remained 3" 55" 

evening dew point of 23'. In each case there was ob- 
below 32' with a duration of o s y O h  20" at  27' with an 

served relatively the same amounts of damage to Wine- - 
sap in stage 6. - 

It is highly probable that one of the reasons such great 
damage occurs with low dew-Doint temDerature is to be 
found-in the simple relation tgat exists between the tem- 
perature of the dew point and the rate at which the sir 
temperature rises following a frost. As a general rule, the 
lower the dew-point temperature, the faster is the rate 
of rise in air temperature after sunrise. 

2. Many conditions define the point at which damage 
begins with apples in the different stages of development. 
These conditions are macle up of several different factors, 
chief among which are (1)  the temperature of the dew 
point, and (2) the duration of temperature a t  different 
temperature levels below 32'. Other factors, too, bear 
on the amount of damage that will be caused by any 
damaging temperature conditions, chief among which 
are (1)  the rate of rise in temperature after sunrise, 
and (2) the vitality of the iddividual tree. The scale of 
critical temperatures, therefore, necessarily must be com- 
plex, and judgment will be required for its practical - -  
application. 

3. Different varieties of avvles show different degrees 
of resistance to frost. Furthermore, each variety seems 
to have a particular stage or stages of development 
wherein it is particularly susceptible to injury. Thus, 
for instance, Delicious and Winesap show relatively the 
same measure of resistance to a given condition in the 
earlier stages of development, but in later stages Delicious 
proves to be more tender than Winesap. 
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F. M. EXNER ON DYNAMICAL METEOROLOOY 

By EDGAR W. WOOLARD 

The state of the atmosphere in respect to what is 
commonly thought of as weather is completely specified 
by the SIX meteorological elements (temperature, pres- 
sure, humidity, wind, cloud, and precipitation), which in 
turn are fully determined by seven physical quantities, 
viz, temperature, pressure, density, the three compon- 
ents of wind velocity, and the joint mass of solid, liquid, 
and gaseous water per unit mass of atmosphere. All 
these seven are dynamical or thermodynamical variables; 
and hence meteorology, regarded (in accordance with 
modern tendency) as restricted to the investigation of 
weather phenomena purely, may be defined as the 
dynamics and thermodynamics of the earth's atmos- 

phere. And it is with the investigation of weather 
considered as a dynttmical and thermodynamical p.rocess 
that the volume here to be reviewed is concerned. 

Weather phenomena are in general so complex and 
irregular that even a purely empirical understanding of 
them was very slow to develop; and, although we can 
not doubt that they are only manifestations of ordinary 
physical laws, the intricate manner in which a great 
multitude of influences simultaneously operate to bring 
about the final result makes it a task of extreme difZculty 
to bring the facts of daily weather into direct relation 
with physical principles. Consequent1 we still are 
forced to rely extensively upon empirica 9 and statistical 


